Objective. Cigarette smoking and smoking-related diseases disproportionately affect low-income populations. Health insurance coverage of smoking cessation treatments is increasingly used to encourage quitting. We assess the relationship between state Medicaid coverage of smoking cessation treatments and past-year quitting in adult Medicaid beneficiaries.
spending, or about $170 billion per year (Xu et al. 2015) . The majority of smoking-attributable expenses are borne by public programs; expenses related to the treatment of smoking-related illnesses account for more than 15 percent of annual Medicaid spending, or almost $40 billion each year (Xu et al. 2015) .
Smoking and smoking-related health conditions are more common in low-income populations (U.S. Department of Health and Human Services 2014). In 2015, the prevalence of cigarette smoking among U.S. adults living below the poverty level (26.1 percent) was nearly twice that of those living at or above the poverty level (13.9 percent). Moreover, between 2005 and 2015, smoking prevalence declined 32.8 percent among those living at or above the poverty level compared to 12.7 percent among those living below the poverty level ( Jamal et al. 2016) .
Medicaid is the largest insurance provider for low-income persons in the United States (CMMS 2017) . Traditional state Medicaid programs have increased coverage of smoking cessation treatments over the past decade, although coverage can vary widely across and within states, between the feefor-service (FFS) population and managed care (MC) plans, and among different managed care plans (McMenamin et al. 2010; Singleterry et al. 2015; Ku et al. 2016) . While Medicaid coverage of cessation treatments has increased over time, barriers to accessing these treatments, such as copayments and prior authorization, have persisted in traditional Medicaid programs Singleterry et al. 2015) . Given that the current Medicaid policy environment is characterized by substantial variation in the coverage of cessation treatments both across states and across populations within some states, opportunities exist for future optimization of coverage policies.
Smoking cessation treatments fall into two categories: counseling, including individual, group, and telephone counseling; and medications, including seven Food and Drug Administration (FDA)-approved cessation medications, comprised of five forms of nicotine-replacement therapy (NRT) and two non-nicotine prescription drugs. Improved insurance coverage of smoking cessation treatments can encourage quit attempts, use of cessation treatments, and cessation (Fiore et al. 2008) . However, few published studies have examined the impact of state Medicaid cessation coverage on actual smoking cessation among smokers enrolled in Medicaid. Use of cessation medicines is higher among Medicaid beneficiaries with cessation benefits (Ku et al. 2016; Maclean, Pesko, and Hill 2017) , yet evidence also suggests that, in the absence of concerted efforts to promote increased awareness and use of covered cessation treatments among Medicaid beneficiaries and their health care providers, relatively few cigarette smokers enrolled in Medicaid are aware of Medicaid cessation coverage and use covered medications (McMenamin et al. 2004; Murphy et al. 2005) , and that initial increases in utilization of cessation medications following increases in coverage may not be sustained (Li and Dresler 2012) . Moreover, the magnitude of the impact of Medicaid cessation coverage on smoking cessation is uncertain. One study from Massachusetts documented reductions in smoking prevalence among Medicaid beneficiaries following the introduction and promotion of a state Medicaid cessation coverage benefit (Land et al. 2010 ), but another study found no effects on smoking overall (Courtemanche and Zapata 2014) . A study using cross-state data from Medicaid beneficiaries to evaluate quitting as an outcome of a cessation coverage index showed mixed effects (Liu 2009 ). Subsequent studies evaluating Medicaid cessation coverage have found that more comprehensive coverage was associated with higher quit rates among pregnant women in 34 states (Adams et al. 2013 ) and among adult beneficiaries in 28 states (Greene, Sacks, and McMenamin 2014) . However, the absence of a within-state counterfactual may leave the estimates open to bias from crossstate differences in smoking patterns that may not be unique to Medicaid, and to state-level confounders such as concurrent state policy changes. For example, many states implemented statewide indoor smoking bans between 2000 and 2010, which was shown to reduce smoking, especially in low-income persons (Carton et al. 2016) . Thus, to date, evidence on the effects of Medicaid cessation coverage on smoking cessation has not been nationally representative, and it may have been subject to confounding from secular trends in quitting behavior in the general low-income population that may be related to state uptake of coverage without being specific to Medicaid beneficiaries.
To help fill the aforementioned gaps in the literature, we assessed the effects of Medicaid cessation coverage on smoking cessation among Medicaid beneficiaries using a triple-differencing framework, where unobserved statelevel confounders were addressed using a within-state comparison group of low-income persons not covered by Medicaid, in addition to cross-state differences in Medicaid coverage trends. We used state-level data on cessation coverage from 2008 to 2013 matched to individual-level surveillance data on past-year quitting from the National Health Interview Survey (NHIS) 2009- (Table 1) . For state-years with reported differences in MC-versus-FFS coverage, we assigned either MC or FFS coverage depending on whether the majority of the Medicaid population was enrolled in MC or FFS in the corresponding state-year (KFF 2014). Sensitivity of the results to this assignation was examined by alternatively including and excluding state-years with different MC and FFS cessation coverage.
A four-level categorical factor was constructed at the state-year level: (1) no coverage; (2) medication-only coverage; (3) counseling-only coverage; and (4) combined medication and counseling coverage (Table 1) . Two binary variables denoted the presence of barriers: (1) copayments; and (2) other barriers, including prior authorization and duration use limits. Cigarette price was included as a state-level control variable in all models (Orzechowski and Walker 2014 ).
We obtained individual-level data on cigarette smoking history and demographic attributes from the IPUMS National Health Interview Survey (IPUMS NHIS) 2009-2014 sample adult files (Blewett et al. 2016) . IPUMS NHIS is a consolidated extraction source for the public use NHIS files. The NHIS is a nationally representative cross-sectional household interview survey of the civilian noninstitutionalized population of the United States (NCHS 2016). The examined outcome, past-year quitting, is retrospective, and was defined as a binary indicator with a value of "1" indicating that the respondent reported quitting smoking within the past year and has not smoked for at least 30 days prior to the survey, and a value of "0" if the respondent is a current smoker.
The study sample consists of 11,170 low-income adults with an estimated past-year age range of 19-64 years who are not pregnant, are not on Medicare, and have Medicaid-only insurance or family incomes not exceeding 150 percent of the federal poverty level (FPL). As determined by the evaluated outcome, the sample consists of current smokers and former smokers who quit in the past year. Medicare enrollment was an exclusion criterion because it can indicate disability in nonelderly persons as well as different coverage benefits; pregnant women were similarly excluded as they are subject to a special federal requirement for Medicaid cessation coverage. Because quitting outcomes are retrospective, the sample was merged with year-lagged state coverage indicators. All individual-level NHIS indicators were self-reported.
Methods
The effect of cessation coverage on quitting among Medicaid beneficiaries was estimated using a differencing specification based on differences in Medicaid cessation coverage policies across and within states, as well as within-state differences between Medicaid beneficiaries and counterfactual groups of low-income adults not covered by Medicaid. The baseline model was specified as follows:
where Y ijt denotes past-year quitting for individual i in state j and year t. The outcome variable is 0 if the individual is a current everyday or some-day smoker and 1 if the individual is a former smoker who reports having quit smoking within the past 12 months and has not smoked for at least 30 days. Medicaid it is a binary indicator equal to 1 if individual i is enrolled in Medicaid without other concurrent types of insurance, and 0 otherwise; X ijt is a vector of individual attributes, including age, gender, race, nativity, marital status, educational attainment, self-reported health status, and children in the household; P jt denotes real cigarette prices at the state-year level. Pharmcov jt is a binary variable equal to 1 if state j in year t offers Medicaid coverage of cessation medications (at least one prescription medication and at least one over-the-counter NRT) without counseling coverage, and 0 otherwise. Counscov jt is a binary variable equal to 1 if state j in year t offers Medicaid coverage of cessation counseling (group or individual) without covering cessation medications, and 0 otherwise. Dualcov jt is a binary variable equal to 1 if state j in year t offers Medicaid coverage of both medications and counseling, and 0 otherwise. The estimators of interest, b 5 , b 6 , and b 7 , represent the average treatment effect among Medicaid beneficiaries of each coverage type. Controls for state fixed effects, c 0j , were used to address unobserved state characteristics and/or state-level policies that may affect both states' cessation coverage policy and quitting patterns. For instance, states that do not offer coverage may differ from states with coverage in ways that may also be related to having disproportionately lower likelihood of quitting (such as population sentiment that both reduces Medicaid generosity and increases the likelihood of smoking). Therefore, omitting c 0j may bias the relationship between state policy and cessation outcomes. To account for state-level heterogeneity that varies over time, state-specific time trends (c 1j T ) were included via the interactions between state dummy variables and a linear time trend. To Smoking Cessation Coverage Effectsaccount for unobserved Medicaid-specific changes in quitting over time, we include an interaction term between Medicaid status and a linear time trend (Medicaid it Â T ). In all specifications, year fixed effects, s t , control for secular time trends in quitting. The estimation was performed using linear probability models, where the error term, e ijt , was clustered at the state level. To test the sensitivity of the analysis to the composition of the sample, the baseline model in equation (1) was estimated using two alternative samples. First, to examine the possibility of measurement error from assigning either MC or FFS coverage in states where MC and FFS benefits differ, we used an alternative sample that excluded observations from state-years with different MC and FFS benefits. Second, to assess comparability of the Medicaid treatment group to nonMedicaid persons with a higher income threshold, we used a sample that raised the income threshold for the comparison group from 150 to 250 percent of FPL. Finally, to evaluate the role of access barriers in the presence of coverage, equation (1) was estimated with additional controls for Medicaid-specific indicators of the presence of copayments and other barriers.
Statistical significance of all estimates was evaluated at p < .01, p < .05, and p < .10. All analysis was performed using sample adult weights with statelevel clustering using STATA 14.0 (College Station, TX: StataCorp LP).
Robustness Checks
Because the evaluation of Medicaid coverage effects is based on within-state differences between Medicaid beneficiaries and the comparison group of lowincome persons not covered by Medicaid in addition to cross-state variation in coverage, a primary empirical consideration is the appropriateness of the comparison groups. The ideal comparison group is similar in composition to the treatment group while being unaffected by the treatment variable. In this study, we have to address the possibility that the treatment variable (Medicaid coverage) may apply to some members of the within-state comparison group (low-income persons not covered by Medicaid), resulting in potential crosscontamination between the groups; this is a risk because retrospective information on past-year Medicaid coverage was not available. To reduce this risk, persons reporting breaks in Medicaid coverage in the past year, persons reporting concurrent enrollment in Medicaid and other types of insurance, and persons with private plans paid for by Medicaid were excluded from the treatment group.
We employed a number of robustness checks to further test the assumptions of the empirical model. First, we explored the sensitivity of the results to the choice of within-state comparison group by constructing the counterfactual exclusively from persons who had been uninsured continuously over the past year. Although this reduced the size of the within-state comparison group, limiting it to long-term uninsured persons reduces the risk of including persons who may have had recent Medicaid coverage or private coverage mirroring Medicaid. This specification was the same as the baseline model in equation (1), except Medicaid it was defined as equal to 1 if person i is enrolled in Medicaid, and 0 if continuously uninsured for at least a year. Similarity between the estimates from this specification and the baseline estimates from equation (1) would provide some assurance for the assumption that cross-contamination in the baseline models may not pose a primary threat to validity.
Next, a placebo test was conducted by replacing the original treatment group of Medicaid beneficiaries with a pseudotreatment group unaffected by Medicaid coverage rules, namely privately insured low-income adults. This specification followed equation (1), except that the variable Medicaid it was replaced by a variable equal to 1 if person i was exclusively privately insured without a reported insurance interruption in the past year (pseudotreatment group), and 0 if he or she was continuously uninsured for at least a year (within-state comparison group). In this case, estimating a significant treatment effect on the pseudotreatment group would raise concerns that privately insured low-income adults, who are otherwise members of the original withinstate comparison group in the baseline specification, could be spuriously sharing quitting trends with Medicaid beneficiaries, biasing the original estimates.
Another condition for identification in the baseline model is the presence of parallel trends before the intervention across outcomes in the treatment and comparison groups. Because the interventions evaluated in this analysis are multiple (three types of cessation coverage), and because they occurred at different times within states, a visual examination of outcome trends cannot provide a clean pre-post-depiction of shared (or diverging) trend patterns across treatment and comparison groups. We thus examined the plausibility of the parallel trends assumption by estimating regressions that check for Medicaid-specific outcome differentials that might have occurred prior to the actual shifts in coverage. We used a Granger-type specification which mirrored the baseline specification in equation (1) while also including, in addition to the original coverage variables, a set of binary precoverage variables and interacting these with Medicaid status. These precoverage indicators take on a value of 1 during the 2 years prior to the change in coverage, 0 otherwise, and are mutually exclusive with the indicators of actual coverage. Because variation in these precoverage indicators occurs only within states that change coverage during the study period, their variation is more limited than that for the actual coverage indicators, reducing the statistical power of the test. Nonetheless, significant coefficients on the interaction terms between Medicaid and the precoverage variables would indicate that Medicaid beneficiaries might have experienced differential outcomes relative to their non-Medicaid counterparts even before the change in Medicaid coverage, potentially violating the parallel trends assumption in the baseline models.
Although limiting the sample to persons with family incomes not exceeding 150 percent of FPL helps to reduce dissimilarities between Medicaid beneficiaries and their non-Medicaid counterfactuals, some demographic differences remain. These differences can be problematic for identification, especially if they are prominent between Medicaid beneficiaries in treatment states (i.e., states with combined medication and counseling coverage) and Medicaid beneficiaries in comparison states (i.e., states with no coverage), because of the possibility that such differential composition may affect the introduction of coverage at the state level. However, the demographic composition of Medicaid beneficiaries is fairly balanced across treatment and comparison states, and a comparison of the sample characteristics of Medicaid beneficiaries between states with and without combined coverage revealed relatively few statistical differences (Table 2 ). Demographic differences were more pronounced between Medicaid beneficiaries in combined-coverage states and their within-state counterfactual group of low-income adults not covered by Medicaid, where the latter are more likely to be younger, male, married, white, better educated, and healthier (Table 2) . However, as these differences are at the within-state level, they would be less likely to confound the estimated average treatment effects of state-level coverage policies.
Limitations
This study had several limitations. First, measurement error may be introduced in the coverage indicators by assigning a single coverage classification (either FFS or MC) in state-years where FFS and MC Medicaid coverage differs. We addressed this issue by checking the sensitivity of the estimates to excluding observations from state-years with such assigned coverage values. Some state coverage misclassifications may be present due to the possibility of reporting errors in the process of collecting and interpreting state Medicaid cessation coverage data (Singleterry et al. 2015) , and coverage data for the District of Columbia (DC) were not available for 2011-2013. Second, because the NHIS survey did not collect information on the utilization of evidence- 
(5) (6) (1)- (4) (2)- (5) (3)- (6) (2)- (3) (3)- (4) (2)- (4) Some college or associate degree based cessation services or the amount of copay for those services, we are unable to assess the direct impacts of Medicaid coverage or removing out-ofpocket costs on the use of these services (Fiore et al. 2008; CGTF 2016) . Third, misidentification of past-year insurance enrollment remains possible for some individuals, resulting in potential cross-contamination between the treatment group of Medicaid beneficiaries and their low-income, non-Medicaid counterfactuals. However, a number of robustness checks indicate that the extent to which this limitation may affect the results was minimal. Fourth, Medicaid beneficiaries are expected to have different demographic characteristics from their within-state low-income counterparts because Medicaid eligibility is determined by certain demographic qualifiers. However, as long as these group differences are not systematically related to state variation in Medicaid cessation coverage, this would not be expected to confound the analysis estimates. Income data were missing for approximately 5 percent of the final sample, which can reduce the statistical power of the estimation. All covariates were measured as of time of survey and were used to retroactively determine their past-year values, which may introduce measurement error. Finally, recall bias is possible in reporting past quitting behavior.
RESULTS
In at least one of the years between 2008 and 2013, 29 states offered combined coverage, 25 states offered medication-only coverage, and 7 states offered counseling-only coverage. Four states and DC had no cessation coverage throughout the study period (Table 1) . Unadjusted past-year quit rates were comparable for Medicaid beneficiaries and low-income adults not enrolled in Medicaid (8.4 and 8.85 percent, respectively; Table 2 ). Differences in quitting within those groups become apparent when stratified by type of coverage. For instance, quitting among Medicaid adults was higher in states with combined coverage (9.8 percent) compared to states without combined coverage (6.4 percent); in contrast, quitting among non-Medicaid adults did not show as much variation across state Medicaid coverage policies.
Results from estimating Equation 1 indicate that combined Medicaid coverage of cessation counseling and medications was associated with increased quitting (Table 3) . Coverage of medications only, coverage of counseling only, and presence of copayments and other barriers to use were not found to have a statistically significant effect on quitting among Medicaid beneficiaries relative to comparable non-Medicaid adults. The estimated average treatment effect of introducing combined coverage of cessation counseling and medications on past-year quit rates in Medicaid was 3.0 percentage points in the baseline specification (Table 3 ). Relative to the average past-year quit rate among Medicaid beneficiaries of 8.4 percent, this corresponds to a semielasticity of 0.33, indicating that combined coverage was associated with a 33 percent rise in the average past-year quit rates. Past-year quitting was positively associated with Hispanic ethnicity, being married, and being more educated, and it was negatively associated with age and being US-born. The findings from the baseline model were robust to limiting the analysis to the 39 states with matching FFS-MC coverage terms, where the average treatment effect of having combined coverage was estimated at 4.5 percentage points. The findings were also robust to adjusting for barriers to coverage, which were not found to have Medicaid-specific effects on quitting. In the specification raising the income threshold for the low-income comparison group from 150 to 250 percent of FPL, the average treatment effect was smaller and less significant than that in the baseline model, perhaps pointing to potentially larger relevance of coverage in lower-income persons (Table 3) . Because the variation in some coverage indicators, including counseling-only coverage and presence of barriers, was relatively limited, it is possible that this might have attenuated the estimated effects. We depicted differences in the outcome trends of treatment and comparison groups by plotting the average quit rates of each group over time (Figure 1) . Because coverage changes occur in different years across states, the figure cannot depict average trends in relation to a defined pre-and postintervention point, nor can it be used to infer the presence or absence of parallel pre-intervention trends. However, for illustrative purposes, it shows patterns that are consistent with the hypothesis of Medicaid coverage effects: A rise in the quit trends among Medicaid beneficiaries was observed for individuals in states that covered or started covering both counseling and medications during the study period, in contrast to flat or decreasing quit trends among groups without such coverage.
Smoking Cessation Coverage Effects
Summary estimates from the specification checks are presented in Table 4 . Results from a model using the long-term uninsured as the withinstate counterfactual to Medicaid beneficiaries were similar to those from the baseline estimation (dual-coverage effect of 0.30 vs. 0.33, respectively). The placebo model using a pseudotreatment group of low-income privately insured individuals revealed no Medicaid coverage effects, alleviating concerns about spurious trends shared by Medicaid beneficiaries and their privately insured counterfactuals in the baseline models. Finally, no precoverage differentials were detected among Medicaid beneficiaries relative to their non- Tobacco dependence is a chronic condition, with many smokers making repeated quit attempts before they achieve long-term success (Fiore et al. 2008) . Health care providers can draw on a number of evidence-based treatment options to assist smokers in quitting, including counseling and medication. In the present study, combined coverage of cessation counseling and medications was found to increase quitting. This is consistent with the conclusion of the 2008 Public Health Service Clinical Practice Guideline and the 2015 U.S. Preventive Services Task Force tobacco cessation recommendation, which state that cessation counseling and FDA-approved medications are more effective when used together (Fiore et al. 2008; Siu 2015) .
The conclusions of this study are consistent with, and highlight the continued relevance of, previous studies that have found a significant association between improved state Medicaid cessation coverage and quitting smoking. Greene, Sacks, and McMenamin (2014) was the first study to evaluate the effects of Medicaid cessation coverage using temporal state coverage variation, albeit among a limited set of states and without within-state counterfactuals; the present estimates expand the implications of this study to a nationally representative triple-differencing framework. Similarly, although our study sample excluded pregnant women, the findings align with prior results for pregnant women (Adams et al. 2013) , which found lower smoking rates in women with combined state Medicaid coverage of cessation counseling and medications than in women with coverage of medications only or no coverage. While the present analysis did not capture the effects of changes in Medicaid eligibility and coverage that occurred in 2014, when the Affordable Care Act Medicaid expansion and a federal provision barring state Medicaid programs from excluding cessation medications from coverage took effect, the results are consistent with the implications of recent research that compared smoking trends in expansion and nonexpansion states and linked Medicaid expansion to an approximate 1.9 percentage-point reduction in cigarette smoking (Simon, Soni, and Cawley 2017) , and to a 2.1 percentage-point increase in recent quitting (Koma et al. 2017 ) among childless low-income adults.
In summary, smoking continues to disproportionately affect the health and well-being of lower-income populations in the United States. Using recent data, this study provides evidence that combined coverage of both smoking cessation counseling and medication by state Medicaid programs could reduce cigarette smoking among Medicaid beneficiaries.
